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Both guinea pig peritoneal exudate and human periph-
eral blood eosinophils produce large amounts of super-
oxide anion when stimulated by preopsonized zymosan 
or phorbol myristate acetate (PMA). Superoxide produc-
tion is also activated by histamine but not the histamine 
metabolite, imidazole acetic acid. Supernatants from de-
granulated rat mast cells stimulate superoxide produc-
tion. In studies of both human and guinea pig eosino-
phils, the HI-antagonist, chlorpheniramine (10-3 M and 
10-~ M), markedly inhibited both resting and stimulated 
(PMA, preopsonized zymosan, histamine) production of 
superoxide anion but the H2-antagonist, cimetidine, only 
modestly inhibited superoxide anion production (zymo-
san, PMA). 
These studies provide direct evidence for the influence 
of histamine on the oxidative metabolism of eosinophils. 
These results are consistent with the hypothesis that 
histamine interacts with eosinophils predominantly via 
an HI receptor site. Furthermore, they suggest that eo-
sinophils may participate in immediate hypersensitivity 
reactions by the release of supero~de anion in l'esponse 
to stimulation by histamine. 
Despite the recent centennial of the description of the eosin-
ophil, the biologic role of the eosinophil remains to be satisfac-
torily explained [1]. Peripheral blood eosinophilia is associated 
with both allergic and parasitic disease. Recently, eosinophils 
have been identified as effector cells capable of damaging larval 
forms of both Schistosoma mansoni and Trichinella spiralis 
[2,3]. They aJ'e a prominent cellular component in the inflam-
matory response to both schistosome eggs [4] and to encysted 
larval forms [5] of Trichinella spiralis. In allergic disease, it 
has been proposed that eosinophils modulate imI1'l.fl·diate hy-
persensitivity reactions [6]. Histamine, which is released during 
allergic reactions, is chemotactic for eosinophils [7,8] and en-
hances the expression of C3b receptors on human eosinophils 
[9]. Previous work from this laboratory has shown that injection 
of histamine releasing agents such as polymyxin Band 48/80 
can be used to produce eosinophil-rich peritoneal exudates in 
guinea pigs [10]. 
Eosinophils like other granulocytes, have a potent oxidative 
metabolic burst which is activated by both soluble (phorbol 
myristate acetate) and particulate (latex beads, opsonized zym-
osan) stimuli. There is an increase in oxygen consumption, 
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generation of active oxygen species such as superoxide anion 
(02- ) and hydrogen peroxide (H20 2), activation of the hexose-
monophosphate shunt pathway of glucose metabolism and 
stimulation ofthe eosinophil peroxidase system [11-14,20). The 
studies reported here demonstrate that guinea pig peritoneal 
exudate eosinophils produce laJ'ge amounts of O2- . Production 
of O2- by both human and guinea pig eosinophils is activated 
by histamine, preopsonized zymosan, and the soluble mem-
brane activator, phorbol myristate acetate, and is inhibited by 
histamine antagonists. These studies provide direct evidence 
that histamine influences the oxidative metabolism of eosino-
phils. ' 
MATERIALS AND METHODS 
Eosinophil Purification 
Heparinized (A.H. Robbins Co., Richmond, VA) venous blood was 
obtained from normal volunteers after obtaining appropriate informed 
consent. Routinely, 120 to 150 cc of blood was obtained from normal 
subjects. The blood was diluted with an equal volume of Dext.ran T-
500 (Pharmacia Fine Chemicals, Piscataway, NJ) and allowed to sedi-
ment at 37°C for 30 min. The leukocyte rich plasma was removed, and 
the cells pelleted at 15°C x g. Leukocytes, 100-120 X lOG, were washed 
in Hank's Balanced Salt Solu tion (HBSS) and then layered on discon-
tinuous metrizamide (Nyegaard & Co., Oslo, Norway) gradients as 
described [15]. Eosinophils were hru'vested from the 24/25% interface 
and/ or the pellet. Since there was considerable individual vru'iation, 
differential counts were performed for each experimen t. Prepru'ations 
usually contained greater than 90% eosinophils, the contaminating cells 
being neutrophils. The cells were washed a nd suspended in either 
HBSS or phosphate buffered saline (PBS). 
Guinea pig peritoneal exudate eosinophils were hru'vested from 
outbred Hartley strain guinea pigs (Charles River Farms, Wilmington, 
MA) treated with weekly intraperitoneal injections of polymyxin B, as 
described [10]. Routinely, lavage fluids contained about 50% eosino-
phils. The cells were pelleted at 15 xg at room temperatw'e, washed in 
HBSS, ruld layered on discontinuous metrizamide gradients, as de-
scribed above for human leukocytes. Guinea pig eosinophils were 
harvested from the 24/25% interface and/ or the pellet. Preparations 
usually contained greater than 98% eosinophils with the contaminating 
cells being mononuclear cells. 
Supe/'oxide Anion Production 
Eosinophils (1 X 105) were suspended in HBSS at a final concentra-
tion of 2 X 10~/cc and were added to 15 X 75 mm plastic test tubes 
containing 100 nmoles of cytoch.rome c (Type VI, Sigma Chemical Co., 
St. Louis, MO) and where indicated, 1 ",g/ ml of PMA (Sigma Chemical 
Co., St. Louis, MO) or 0.5 mg of preopsonized zymosan (Schwru·tz-
Mann Co., Orangeburg, NY). Zymosan (10 mg) was opsonized with 1 
ml of fresh-frozen pooled guinea pig serum, and washed 4 times with 
distilled water, as previously described (14). Incubations were termi-
nated by rapidly cooling the cells to 4°C and pelleting the cells by 
centrifugation at 1,000 xg for 5 min. Incubations were usually per-
formed for 20 min at 37°C under stationary conditions. When testing 
for possible activation of superoxide production, reactions were termi-
nated after 60 min. Inhibitors were preincubated with eosinophils for 
10 min at room temperature prior to the addition of cytochrome c and 
particulate or soluble stimuli. Superoxide production was quantitated 
by measuring the reduction of cytoclu'ome cat 550 nmeters in a Gilford 
recording spectrophotometer (Gilford Instrument Laboratories, Inc., 
Oberlin, OR). Conditions were selected so that for each experiment the 
addition of superoxide dismutase (0.05 mg/ ml) (Sigma Chemical Co., 
St. Louis, MO) prevented the reduction of cytochrome c by eo inophi.ls 
stimulated by PMA, confirming that reduction of cytoclU'ome c was 
due to superoxide production. 
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Other R eagents 
Histamine dihydrochloride was obtained from Sigma Chemical Co., 
St. Louis, MO. Cimetidine and chlorpheniramine were a generous gift 
of Smith Kline and French Co., Philadelphia, PA. All compounds were 
dissolved in HBSS prior to addition to the reaction mixtmes. 
Rat mast cells were harvested from decapitated Sprague-Dawley 
rats by gently lavaging the peritoneal cavity with 200 ml of ice cold 
PBS [\6]. The cells were adjusted to 3 x 105 mast cells/ml and 
stimulated to degranulate with compound 48/ 80 (3.0 p.g/ml, Bmroughs-
Welcome Co., Research Triangle Park, NC) . The fluid was centrifuged 
at 150 xg for 10 min to remove cellular debris. Aliquots were frozen at 
-70°C until used. 
RESULTS 
Baseline Studies 
O2 - production by guinea pig peritoneal exudate eosinophils 
was studied under both resting and stimulated conditions 
(Table I) . When measured at 20 min, there was little unstimu-
lated production of O2- . However, the addition of either preop-
sonized zymosan (0.5 mg) or PMA (1 p.g/mI) increased O2-
production 10-fold or 27-fold, respectively. When measured at 
60 min, resting O2- production increased to 0.80 ± 0.12 nmoles 
cyto clIO" eos, a 5-fold increase over that observed at 20 min. 
Preopsonized zymosan and PMA stimulated greater amounts 
of O2- . However, the ratio of stimulated eosinophils to resting 
eosinophils was reduced because of the increased resting levels 
present at 60 min. PMA at the concentration employed (1 p.gl 
mI) was a more potent stimulus of measurable O2- than preop-
sonized zymosan at 20 and 60-min time periods. 
The production of O2- was dependent upon the number of 
eosinophils within the reaction mixture under both resting and 
stimulated conditions. Doubling the number of cells doubled 
the O2- production (data not shown). The majority of the 
experiments were performed at a concentration of 1 x 105 
eosinophils per reaction . However, some experiments were per-
formed with 5 X 10' eosinophils per reaction mixture and the 
results expressed per 105 eosinophils. 
Initial studies suggested that the rate of O2- production by 
stimulated eosinophils was greatest within the frrst 20 min (Fig 
1). Stimulated cells continued to produce some additional O2-
for up to 2 hr. On occasion resting eosinophils incubated for 
greater than 1 hr appeared to become activated, as noted in the 
experiment here (Fig 1) . Experiments were routinely performed 
for 20 or 60 min; the latter was employed when testing for 
possible stimulatory effects. 
Since changes in the physiologic state of the cell may be 
reflected in changes in oxidative metabolism [13,17], we exam-
- ined O2- production by eosinophils recovered after different 
lavage intervals. We have previously demonstrated [10] that 
TABLE 1. Superoxide Production by Guinea Pig Peritoneal Exudate 
Eosinophils 
Incubation 
period 
20 min 
Stimulation 
Index 
60 min 
Stimulation 
Index 
Resting 
0.15 ± 0.03 (4 1) 
0.80 ± 0.]2 (16) 
nmoles cyto c/ lO" 
eos 
Stimulated 
preop zymosan PMA 
1.55 ± 0.23 (37) 
10, 
2.57 ± 0.30 (16) 
3.2 
4.14 ± 0.42 (39) 
27 
4.62 ± 0.33 (16) 
5.8 
Pu rified guinea pig peritoneal exudate eosinophils were incubated under rest-
ing or stimulated conditions with 0.5 mg of preopsonized zymosan or 1l'g/mJ of 
PMA. Superoxide production was measured by the reduction of cytochrome c a t 
e ither 20 or 60 min , as indicated in the table. Hesults are the mean ± the standard 
error of the mean, with the number of experiments performed in dupHcate 
indicated with parentheses. The stimulation index represents the ratio of super-
ox.ide anion production by stimulated eosinophils to 8uperoxide production by 
resting eosinophils. 
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FIG 1. Variation of superoxide anion production with time. Eosino-
phils (1 x 10") were incubated without a stimulus or with PMA (1 p.g/ 
ml) or preopsonized zymosan (0.5 mg). Reactions were terminated at 
the indicated time periods. Results are the mean of duplicate values 
from a typical experiment. 
polymyxin B-elicited eosinophils accumulate within the peri-
toneal cavity, and thus cells obtained after a longer lavage 
interval would be expected to have different physiologic char-
acteristics from cells recovered after the standard weekly la-
vage. In addition, we studied eosinophils from untreated ani-
mals to evaluate possible effects of polymyxin treatment on O2-
production. Eosinophils harvested from untreated animals were 
equivalent to those recovered from animals treated by the 
standard protocol (lavage 24 hr after polymyxin injection) under 
resting or zymosan-stimulated conditions (Fig 2), There was a 
slight but statistically significant difference in O2- production 
by PMA stimulated cells. Eosinophils harvested 2 days after 
injection produced less O2- when stimulated by PMA, and 
eosinophils harvested 7 days after injection produced less O2-
under resting and zymosan-activated conditions, These results 
suggest that cells harvested after prolonged lavage intervals are 
functionally deficient with regard to oxidative metabolism. Fur-
thermore, they confirm that polymyxin B-elicited eosinophils 
were not activated by the technique employed. 
Effect of Histamine 
Since histllJl'rine, which is released from mast cells, is che-
motactic for eosinophils [7,8]) , we tested whether histamine 
could activate the oxidative metabolism of eosinophils. When 
resting peritoneal exudate eosinophils were incubated with 
histamine, O2- production was activated, However, there was 
considerable variability in response (Fig 3), In order to equate 
the results of several different experiments, the response to a 
PMA was defined as 100% and the resting O2- production was 
subtracted from all experimental values to eliminate the effect 
of variable resting levels. Histamine clearly was a potent stim-
ulus to O2 - production. The histamine metabolite imidazole 
acetic acid failed to stimulate O2- production by resting eosin-
ophils (data not shown). 
Human eosinophils, in preparations of greater than 85% 
purity, were also studied to see whether histamine was capable 
of activating O2- production. In 2 experiments, human eosino-
'phils were stimulated to produce O2- at 10- 6 M and 10- 7 M. 
Neutrophils were not activated by histamine in 2 experiments 
(data not shown), 
Effect of Anti-histamines 
We also tested selective antagonists to ascertain their effect 
on both resting and stimulated O2- production. The HI-antag-
onist chlorpheniramine inhibited both zymosan and PMA stirn-
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FIG 2. Superoxide production: Variation with cell age. Eosinophils 
were harvested from untreated guinea pigs or from animals which had 
received 1 mg of polymyxin B intraperitoneaily 1 day, 2 days or 7 days 
prior to lavage. O2- production was studied under resting and stimulated 
conditions. The results are the mean ± standard error of the mean of 
3 experiments performed in duplicate (except for resting cells on day 2 
which represents the mean of duplicate values) and are expressed as 
the percent of the standard response (that of eosinophils harvested 24 
br after lavage). The asterisk denotes the experiment was not per-
formed. p -value ~ 0.05 for the difference between cells harvested from 
untreated animals and cells harvested at 2 days (PMA) and 7 days 
(resting). 
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FIG 3. The effect of histamine on superoxide production by guinea 
pig eosinophils. Guinea pig eosinophils (1 x 10") were incubated with 
histamine at the indicated concentrations. Reactions were terminated 
after 60 min. Results are expressed as the mean ± standard error of a 
simultaneously performed PMA standard and represent 2 to 5 experi-
ments performed in duplicate. 
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ulated O2- production at 10- 3 M and 10- 4 M (Fig 4). No toxicity 
to eosinophils. was noted as measured by Trypan blue dye 
exclusion. Using a superoxide generating system (xanthine-xan-
thine oxidase) no interference with measurement of superoxide 
anion by cytochrome c reduction was noted. Cimetidine, a 
selective H2 antagonist, had little effect on resting or stimulated 
O2- production; a modest inhibition was noted in PMA stimu-
lated O2- production at 10- 3 M. 
We also tested the ability of the anti-histamines to block 
histamine activated O2- production (Table II) . The HI antag-
onist, chlorpheniramine, effectively inhibited O2- at 10- 3 and 
10- 4 M; the H2 antagonist, cimetidine, was less effective. At the 
high concentrations tested (10- 3, 10- 4) there was little additive 
effect; however, at lower concentrations there was a suggestion 
of an additive effect. . 
Human eosinophils were also susceptible to inhibition by 
antihistamines. PMA stimulated eosinophils were inhibited at 
10- 3 M chlorpheniramine. In contrast, when preopsonized zym-
osan was the stimulus, inhibition was noted at 10- 3 to 10- ; M 
chlorpheniramine (data not shown). 
Effect of Mast Cell Supernatants 
Histamine and other factors chemotactic for eosinophils are 
present within mast cell granules. In order to evaluate whether 
activation of O2- production might be occurring in vivo, we 
exposed eosinophils to supernatant fluids prepared from rat 
mast cells treated with 48/80, a standard method for release of 
histamine and other mediators from peritoneal mast cells [17). 
In 3 experiments (see Table III) , eosinophils incubated with 
supernatant fluid diluted with HBSS produced O2- at all con-
centrations. Unfortunately, this material lost its activity after 
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FIG 4. Inhibition of superoxide production by cimetidine and chlor-
pheniramine. Eosinophils (1 x 10") were incubated under resting or 
stimulated conditions (PM A 1 p.g/ ml or preopsonized zymosan) and 
O2- measured. Chlorpheni.ramine or cimetidine at the indicated con-
centrations was added 10 min prior to the addition of the stimulus and 
the reactions terminated after 60 min. Results are expressed as % the 
inhibition (the difference between the presence and absence of the anti-
histamine) and represent 2 or 3 experiments performed in duplicate. 
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TABLE II. Inhibition of Histamine Activation by Antihistamines 
Chlorpheniramine Cimetidine Chlorpheniramine and Cimetidine % In.h ibition. 
Histamine 10- ;] 10-" M 10 " M 10 ;] 10 ., 10 :J and 10 " 10-" and 10 .. 10 " and 10 r. 
i~=~ : ~~:~ ~ g:~ 9;~ : ~.2 ~~:~ ~g !~:~ ! i:~l g~ ! i:~ ~~.5 ~i~ ~~:~ ! ~:~ ~~:~ ~g 
10- 7 M 89.2 ± 1.8 100 ± 0.0 58.3 (1) 46.9 + 5.8 8.9 + 19.0 90 (1) 100 ± 0.0 50 (1) 
Guinea pig peritoneal exudate eosinophils (2 X 10") were pretreated for 10 min with chlorp~eniramine or cimetidi~e (or. both! at the indicated 
concentrations prior to the addition of histamine. Results are expressed as th~ perce~t mhlbltI?n compar~d to the hlstamme stImulated control. 
Results are the mean ± the SEM of duplicate experiments performed in duphcate. wIth exceptIOns as mdlcated. 
TABLE III. Stimulation of Superoxide Production by Rat Mast Cell 
Supernatants 
nmoles cyto c/lO-r. eos 
None 1/ 10 1/ 100 1/ 1000 1/ 10,000 Dilution 
0.31 ± 0. 15 1.60 ± 0.7 1.30 ± 0.2 1.20 ± 0.3 1.25 ± 0.31 
5.1 4.2 3.9 4.0 Stimulation 
index 
Eosinophils (1 X 1.0' ) were incubated with supernatants a t various dilutions 
from degranulated rat mast cells prepared as described in Methods. Reactions 
were terminated after 20 min. The resu lts are expressed as the mean ± standard 
deviation of the nmoles cytochrome clIO" eosinophils and represent the mean of 
the 3 experiments performed in duplicate except for 1/ 10,000 which represents 2 
experiments. Resul ts are also expressed as the fold increase above resting levels. 
The stimulation index represents the ratio of super oxide production of stimulated 
eosinophils to resting eosinophils. 
storage which included 3 freeze-thaw cycles and further exper-
iments could not be performed. 
DISCUSSION 
The association of eosinophilia with allergic hypersensitivity 
disease has led to the hypothesis that eosinophils participate in 
immediate hypersensitivity reactions. A possible mechanism is 
the release of active oxygen products from eosinophils stimu-
lated by inflammatory mediators. O2- causes tissue damage in 
diverse inflammatory reactions. In radiation damage, antigen-
antibody complex arthritis, experimental pulmonary alveoli tis 
and vasculitis, superoxide dismutase, which destroys O2- , pro-
tects tissues [10,18-19]. Q2 - also participates in collagen cross-
lin.king [21]. Thus O2 - , a useful marker of eosinophil activation, 
might contribute to tissue damage. 
The studies reported here have employed both guinea pig 
peritoneal exudate eosinophils and human eosinophils. 'Within 
the initial time period, stimulated guinea pig eosinophils pro-
duced more O2- than human eosinophils. These studies extend 
previous studies of human eosinophils [12] which noted sus-
tained production of O2- with time [18,20] and suggest that 
conclusions derived from guinea pig eosinophils may be ex-
tended to human eosinophils. 
O2 - production reflects the physiologic status of the eosino-
phil similar to that of peritoneal macrophages, since O2- pro-
duction decreases as the cells age within the peritoneal cavity 
(Fig 2) [10]. Our "standard" eosinophils were not activated by 
the eliciting agent as evidenced by the absence of differences 
between eosinophils harvested from untreated and polymyxin 
B-treated guinea pigs. Because more cells were obtained after 
polymyxin B treatment, these cells were used in all our guinea 
pig experiments. 
Mast-cell-derived factors chemotactic for eosinophils include 
the tetrapeptide ECF -A, intermediate ~olecular weight factors, 
metabolites of arachidonic acid, and histamine [9,10,23,24]. In 
our studies, histamine activated O2- by both human and guinea 
pig eosinophils, similar to chemotactic factor related activation 
of oxidative metabolism of neutrophils [25,26]. The studies with 
selective HI (chlorpheniramine) and H2 (cimetidine) antago-
nists suggest that the majority of the histamine activation is 
mediated via HI sites. The modest inhibition noted in the 
presence of cimetidine suggests possibly that this inhibition 
may relate to nonspecific effects or that the H2 receptor may 
have a minor role, or alternatively that the receptor may have 
affIruty for both HI and H2 sites. Previous studies [7,8] ~so 
raised the possibility that the histamine receptor of the eOSIn-
ophil had affinities differing from the usual HI and H2 receptor. 
The effects of antihistamines on O2- stimulated by preopson-
ized zymosan and PMA indicate that the effects of histamine 
on eosinophils are complex. When the specific HI antagonist, 
chlorpheniramine, was added, there was marked inhibition of 
resting and stimulated (PMA and preopsonized zymosan) ~2-
production. This suggests perhaps that the HI receptor sI~e 
must be occupied by histamine in order to detect maXImal O2 • 
This interpretation is complicated by the fact that these HI 
antagonists are relatively non-specific and that the concentra-
tions employed (10- 3 M and 10- 4 M) might also bind to H2 
receptors [27]. These concentrations, which were not toxic to 
the eosinophils, are similar to those required in other s!,stems 
[7,8] and may reflect the relative affinities of the ago~lst and 
the antagonist. Evidence for H2 receptor site interactIOn was 
provided by the inhibition by cimetidine and the additive effect 
with chlorpheniramine. However, since this inhibition was very 
modest, it is unlikely that this is an important site of action . An 
alternative possibility is that the histamine receptor of the 
eosinophil has affInities which are not accurately defIned by the 
usual HI and H2 antagonists. Guinea pig eosinophils are ex-
posed to histamine in vivo and thus the receptor site might be 
saturated when the cells are tested in vitro. Human eosinophils 
isolated from peripheral blood of nonallergic donors would be 
less likely to have been exposed to histamine in vivo and hence 
antagorusts might be less effective in inhibiting superoxide 
production. Because human. eos~op~s. were. inhibited to .an 
equal degree by chiorphemramme, It IS unlikely tha.t pnor 
exposure to histamine in the peritone~ cavity expl~ills t~e 
effect of HI antagonists. Experiments WIth human eosillophils 
suggest that polymyxin injection, the lavage process and resi-
dence within the peritoneal cavity do not account for the effects 
of histamine on guinea pig eosinophils. These studies do not 
entirely resolve the question of whether histamine receptor 
sites might be occupied in vivo since it is possible that even in 
non-atopic patients histamine is present. However, they do 
exclude inhibition by HI antagonists as being due to the meth-
ods employed in harvesting peritoneal exudate cells. Studies to 
experimentally answer the question of whether histamine is 
bound to eosinophils have been initiated. 
In sum, the studies reported here provide clear evidence that 
histamine modulates the oxidative metabolism of eosinophils. 
That this may occur in vivo is supported by the observations 
that supernatants from degranulated rat peritoneal mast cells 
stimUlated O2- production by eosinophils. These studies sup-
port the concept that eosinophils participate in imme?iate 
hypersensitivity reactions and this may in part be medIated 
through active oxygen products. They also demonstr.ate t~at 
the function of eosinophils may be modulated by histamme 
released during a hypersensitivity reaction. 
We thank Dis. Eckhardt Kownatzi, Tony Schwartz and Ross Rocklin 
for helpful discussion. 
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Theophylline and Melanocyte-Stimulating Hormone Effects on 
Gamma-Glutamyl Transpeptidase and DOPA Reactions in Cultured 
Melanoma Cells 
FUNAN Ru, M.D. 
Oregon Region.al Primate Research Center, Beaverton, Oregon, U.S.A. 
Gamma-glutamyl transpeptidase (GGT), an enzyme of 
the y-glutamyl cycle, was demonstrated in 3 of 6 cell 
lines derived from a single BI6 murine melanoma. Its 
activity in these cells varied a great deal, appeared to be 
correlated with the developmental cycle of the cells, and 
was greatest in young, actively melanogenic cells. Gen-
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erally, the activity seemed parallel to that of tyrosinase, 
an enzyme specific for melanin synthesis. The levels of 
both enzymes tended to decline with prolonged in vitro 
cultivation, but could be readily renewed after one ani-
mal passage. The 3 cell lines that were GGT-negative 
were nonpigmented and DOPA-negative; so was a non-
lished in abstract [01'111 (Clin Res 29(2):599A, 1981). 
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GGT: gamma'-glu tamyl transpeptidase 
MSH: melanocyte-stimulating hormone 
